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DIFFRARESTIAL RESPONSES TO AP TROGEN FORM AND 
CONCENTRATION FOR ORYZOPSIS HYMENOIDES 
AND ELYMUS LANCEOLATUS 
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I « greenhouse experiment. effects of nitrogen form and concentration on productivity and dry matter 
“lithe red between two species native to serniarid ecosystems of the Great Basin. Aboveground production of 


creem surface areca and of dn matter were consistently enhanced by increased nitrogen for the rhizomatous grass Ely- 
us lam colatus. but net for the bunchgrass Oryzopsis hymenoides. These differences were likely due to inherently low 


drowth rates of QO. hymenoides 


Aboveground dry matter allocation also differed between the two species. O. 


hymenoules had more leaves per tiller with increased nitrogen. whereas leaf size but not number increased for E. lance- 


latus Furthernfore. 


inereases in tiller density with increased nitrogen for E. lanceolatus were almost three times 


treater than those for O. hymenoides. E. lanceolatus. but not O. hymenoides. was sensitive to the form of nitrogen sup- 


plied to the plants. When NI, 
aboveground production of E. nee oils 


—~\ was the only form of nitrogen supplied. high concentrations of NHj—N 


N inhibited 


Key words. dry matter production. dry matter allocation. ammonium-N. nitrate-N. nitregen use efficiency. relative 


erow Uh rate. Orv zopsis hy menoides. Elymus Janceolatis. 


Water availability is generally acknowl- 
edged to be the abiotic factor that most limits 
productivity of semiarid vegetation ‘MacMa- 
hon and Schimpf 19$1. Skujins 19$1.. and 
nitrogen is thought to be the second-most lim- 
iting factor James and Jurinak 197S, Skujins 
19S1). However. evidence from field fertiliza- 
tion experiments that nitrogen limits produc- 
tivity is not conclusive ‘Smith and Nowak 
1990. Procedural problems may be partially 
responsible for the lack of a response to nitro- 
gen fertilization in ficld trials. For example. 
low rates of application ‘James and Jurinak 
I97S. Fairbourn and Rauzi 1982) may not be 
sufficient to stimulate a statistically significant 
effect. Because the form of nitrogen affects 
plant growth | Bollard 1966. Smith et al. 19$3). 
the form of nitrogen applied can also affect 
the segetation responses. Of greater interest 
are biological and ecological processes that 
mes imfluence the response of vegetation to 
fertilization. These processes include !1) loss 
W fertilizer nitrogen by volatilization or other 
recesses Klubck et al. 1975S. Westerman and 
Ticker 1978.2) inherenth low growth rates 
top. that inhabit low nutrient environ- 

nt Clygony 1980. and 3) inherent differ- 
ences vejoned species in their responses to fer- 
tilizat Pitter dived Hay 1987 
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Differentiating between procedural prob- 
lems and ecological processes has made it dif- 
ficult to clearly elucidate the relationships 
between plant productivity and the form or 
supply of nitrogen for plants in a natural, 
semiarid environment. However, experimen- 
tation in controlled environments minimizes 
problems associated with field experiments 
such as the following: (1) other growth condi- 
tions are optimized. (2) a range of application 
rates can be readily used, (3) different forms 
of nitrogen can be eusily applied, and (4) indi- 
vidual responses of different species can be 
determined. Thus, we conducted a glasshouse 
experiment to determine the effects of nitro- 
gen form and application rate on dry matter 
‘DAML. production and allocation for some rep- 
resentative Great Basin species. 

Two forage grasses that are widely distrib- 
uted throughout semiarid rangelands in the 
Great Basin and that represent two of the 
major growth forms of grasses were selected 
for this study: Oryzopsis hymenoides (R. & S.) 
Ricker and Elymus lanceolatus (Scribn. & J. G. 
Smith) Gould. Although the geographic distri- 
butions of these two species differ, they can 
occur together in native stands where their 
distributions overlap. O. hymenoides is a 
perennial bunchgrass that grows in cold- 
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desert environments that receive less than 
100 min annual precipitation to over 200 min 
(Robertson 1976. Jones 1990). Like O. 
hymenoides, E. lanceolatus is a native. peren- 
nial, drought-tolerant grass, but E. lanceolatus 
has a rhizomatous growth form. E. lanceolatus 
previously was known as Agropyron dasys- 
tachyum (Barkworth and Dewey 1955), and 
manv authors also treat E. lanceolatus and A. 
riparium as svnonvins | Hitehcock and Cron- 
quist 1973. Cronquist et al. 1977, Barkworth 
and Dewev 1955). Because it was impractical 
to transplant E. lanceolatus plants into pots for 
our greenhouse experiment. a cultivar of E. 
lance olatus called Sodar was used. Sodar is a 
naturally occurring variety that was released 
in 1954 as a special-purpose grass to provide 
groundcover rather than forage (Douglas and 
Ensign 1954). Sodar has been widely used for 
revegetation in the area from which we col- 
lected the O. hymenoides plants used for 
transplanting. 

The primary objective of our study was to 
determine the effects of nitrogen form and 
application rate on DM. production and allo- 
cation for these two semiarid species. Because 
DM _ production may also increase the surface 
area available for photosynthesis, we also 
measured green surface area. DM allocation 
was analyzed as changes in tiller production. 
number of leaves per tiller, Jeaf DM. 
sheath/stem DM. and root DM. 


MIETHODS 


Plant Establishment 


Plants of O. huymenoides and E. lanceolatus 
were established in 12-L pots at plant densi- 
ties that were representative of natural field 
conditions. tnitial plant densities were 1 plant 
per pot for O. hymenoides and 15 per pot for 
E. lanceolatus. Pots were filled with clean 
sand, and 40 pots af each species were used. 
Plants of O. hymenovides were originally col- 
lected from the U.S. Department of Energy. 
Idaho National Engineering Laboratory, in 
late fall. The previous summer's growth had 
senesced by this time. and plants were dor- 
mant. One O. hymenoides plant was trans- 
planted into each pot. Seeds of E. lanceolatus 
cv Sodar were genninated in petri dishes. and 
15 seedlings were planted into each pot. All 
pots were placed in a greenhouse. where the 
experiments were conducted. Greenhouse air 
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temperature varied from 20°C at night to 
30°C during the day. Plants received onls 
solar irradiance. which typically peaked at a 
photosynthetic photon flux density PPFD» of 
1} ammol m- s-}, 

After two months of growth. each species 
was sorted into four size classes hased upon 
the number of tillers in the pot. Two replicates 
from each size class were randomly selected 
for a pretreatment destructive harvest ‘total 
sample size of eight pots per species’. The 
remaining 32 replicates of each species were 
assigned to the eight nitrogen treatments with 
a stratified-random technique to insure ade- 
quate interspersion | Hurlbert 19$4). At the 
initiation of the experiment. the pots with O. 
hymenoides had 62.1 + 3.8 tillers per pot 
average + standard error with 2.6 = 0.1 
green leaf blades leaves) per tiller, whereas E. 
lanceolatus had 13.3 + 0.3 tillers per pot with 
5.2+ 0.1 leaves per tiller. 


Nutrient Solution Treatments 


Ruakura nutrient solution |Smith et al. 
1953) was selected for these experiments 
because pasture plants grown in Ruakura 
solution consistenth vielded more DM than 
those grown in seven other nutrient culture 
solutions. The Ruakura solution has a 1:3 ratio 
of NH |-N to NOs-N. and concentrations of 
other nutrients do not appear to limit plant 
growth or to accumulate in toxic proportions. 
Eight experimental treatments were used that 
varied both the concentration and form of 
nitrogen |Table 1). Four concentrations of 
nitrogen with both forms of nitrogen in the 
nutrient solution were used: 25% 0.25). 50% 
0.5), 100% 11.0). and 200% °2.0) of the full- 
strength concentration of nitrogen. In addi- 
tion. two concentrations (0.25 and 2.0 of the 
full-strength nitrogen concentration) were 
used for solutions either with NH -N as the 
only nitrogen form or with NO3=N as the ons 
nitrogen form. 

For our experiments. onh the concentra- 
tion of nitrogen in the nutrient solution was 
changed. The concentration of most other ions 
was held constant. as opposed to vaning the 
concentration of all other ions in concert with 
nitrogen. To maintain the proper concentra- 
tions of the other nutrients. calcium. carbon- 
ate. and chloride salts were used as needed to 
prepare the nutrient solutions. Pots received 
750-ml applications of the nitrogen solution 
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1h pont om the nutrient solutions used during the eaperiment. 


nnn eats ssa tne 


fie that ec donstant | HW nutrient solutions. 


\Iacronutrients 


iN = 235 
S = 60 
P = IQ 
\lg = 2h | 
NH = 15 


Nlicronutrients 


Fe = 3.0 
B = 0.5 
Min = 0.5 
Zn = ee 
Cu =o 
No = ol 


se 


\lacronutricnts Whose concentration varied with ditferent nutrient solutions: 


Nutrient solution 








\ form of mtrogen NO JAN NILAN Ca Cl 
I 
21) Nf + NON 396 132 305 9 
10 NI, ag NO3-N 19S 66 127 9 
9 ee ot \ N+ NON 99 33 iy ) 
025 NMiLey+N0,-N 49.5 Liss 127 102 
2.1) NO oN only 525 () 655 ] 
0.25  NO-Nonly 66 0 127 ey) 
2.0 NIN only 0) 22 | ear 224 
0.25 NILA-N onl 0) G66 ey 224 

An oantot total mtrogeian nutuent solution relatve to full-strength Ruakura. 


twice weekly, and applications of nutrient 
sohitions were alternated with tap watering. 


Pretreatment Productivity Measurements 


Dimensional measurements were used to 
estimate initial DMI compartments of the 
treatment pots. Three tillers from each E. 
lanceolatus pot and five from each O. 
hymenoides pot were randomly selected for 
destructive harvest; more tillers were sampled 
from O. fiymenoides because those pots had 
more tillers. The number of green leaves per 
tiller was counted, and the total length of all 
green leaves ona tiller and of all green 
sheaths and stems on a tiller was measured. 
For the eight pots of each species that were 
sclected for the pretreatment harvest. project- 


ed areas and drv weights of leaves and of 


sheaths stems on these same tillers were also 
measured, 

Relationships between length and both 
areca and weight were computed. Power 
regressions of length versus either area or 
weight had higher R2 values than simple lin- 
car or log-lnicar regressions for O. hymen- 


vides. \ suaple linear regression with an 
Interceptot zero had the highest R2 values for 
BE. lanceolatus the F tests for all regression 
equations were sry > Powas less than 
(Of : . ae : V¢ j \ ' »yt 2 
Yl for each ( SEIIOS ater raged 


SS for the eight regressions, with a range of 
70-98. These equations were then used to 
estimate the initial, pretreatment leaf area. 
leaf DM. sheath/stem area, and sheath/stem 
DM per tiller for the treatment pots. Total 
ereen area per tiller and total DM per tiller 
were calculated by summing the leaf and 
sheath/stem fractions. The initial leaf area 
index (LAI) of each treatment pot was estimat- 
ed by inultiplying the mean total area per 
tiller for that pot by the total number of tillers 
in that pot. Initial standing crop was the prod- 
uct of the mean total DM per tiller and the 
total number of tillers in that pot. Both LAI 
and standing crop were expressed on a pot 
area basis. 

None of the pretreatment measurements of 
area or DM were significantly differcnt 
among the experimental groups for both 
species (data not shown). Thus, replicate pots 
were adequately stratified among the experi- 
mental groups before the initiation of the 
treatments, and posttreatment differences 
awnong treatments can be attributed to effects 
of the nutrient solution rather than to initial 
differences in the experimental groups. 


Posttreatment Productivity Measurements 


Aboveground standing crop at the end of 
the experiment for each pot was determined 


1993] 


with both destructive harvest and estimation 


techniques. We measured the number of 
green leaves per tiller as well as green leaf 


and green sheath/stem areas for three E. 
lanceolatus and five O. hymenoides randomly 
selected tillers. We also measured dry weights 
of both green and dead fractions for leaves 
and sheath/stems for these same tillers. Total 
green area per tiller and total (green plus 
dead) DM per tiller were calculated by sum- 
ming the leaf and sheath/stem compartments. 
Posttreatment LAI and standing crop for each 
pot were estimated in the same manner as 
pretreatment values. Relative growth rates 
(RGR) of DM and of tillers were calculated 
from the pretreatment and posttreatment 
measurements of DM per tiller, standing crop. 
and number of tillers per pot. RGR was com- 
puted using the classical interval equation 
(Chiariello ct al. 19S9). 

Three soil samples were taken from the 
center of each pot to determine belowground 
standing crop. Each sample was 237 ml (S 2), 


and samples were taken from near the top of 


the soil surface, the middle of the soil profile, 
and near the bottom of the pot. The three 
samples were composited. and organic matter 
and soil particles were separated with a “root 
washer (Smueker et al. 1982). Live roots 
were then separated from dead organic matter 
by a staining technique (Ward et al. 197%), 
dried, and weighed. 


Plant and Soil Chemical Analyses 


Total nitrogen concentrations for the green 
leaf, green sheath/stem, and senesced tissue 
compartments were determined with a CHIN 
analyzer (Perkin-Elmer Model 2-400). All 
green leaves on the three E. lanceolatus tillers 
that were harvested in each pot were pooled 
together, then ground to 40-mesh size. Simi- 
larly, all green sheath/stem and senesced tis- 
sue fractions from E. lanceolatus tillers as well 
as green leaf, green sheath/stem, and 
senesced fractions for the five O. hymenoides 
tillers were pooled and ground. The nitrogen 
concentration of each fraction was multiplied 
by the respective dry weight, and those prod- 
ucts were then summed to calculate a total 
weight of nitrogen, or nitrogen pool size, per 
tiller, Tiller nitrogen pool size was multiplied 
by the total number of tillers in that pot to 
determine nitrogen standing crop for cach 
pot. Finally, the amount of aboveground DM 
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produced per unit of aboveground nitrogen 
uptake, which we term nitrogen use efficiency 
(NUE). was calculated from the ratio of post- 
treatment standing crop minus initial standing 
crop to posttreatment nitrogen standing crop 
minus initial nitrogen standing crop. 

To determine soil properties, we took a sec- 
ond sct of soil samples adjacent to the root 
samples. Soil analyses were conducted by the 
Soil Analysis Laboratory of the Nevada Agri- 
cultural Experiment Station using standard 
techniques. Electrical conductivity (IEC) and 
pl of the soil water were determined follow- 
ing the methods of Richards (195-1). Ca, Meg. 
and Na were determined on saturation 
extracts with an atomic absorption spectrome- 
ter (Perkin-Elmer Model 5000). Total nitrogen 
in the soil was determined with Kjeldahl 
analysis modified to include NOs3—N. These 
same soil chemical properties were also deter- 
mined for soil samples taken from the pre- 
treatinent, destructive harvest pots. 


Statistical Analyses 


Analvsis of varianee (AOV) techniques 
were used for data analyses. One-way AOVs 
were used to determine if pretreatment DM 
measurements differed among the eight 
experimental groups. Posttreatinent soil 
chemical properties and plant productivity 
were analyzed with a two-step procedure 
hbeeause our experimental design had missing 
cells: ie., the two intermediate nitrogen con- 
centrations were not used for the solutions 
with NEL A-N only or with NO3-N only. The 
first statistical analysis was to determine the 
interactive effects of nitrogen form and con- 
centration on DM production and allocation. 
Each species was analyzed with separate two- 
way AOVs. Eaeh AOV had two main effects: 
nitrogen form in the nutrient solutions | three 
levels: NO3-N only, NH YAN only, and both 
forms) and nitrogen concentration in the 
nutrient solutions (two levels: 0.25 and 2.0). 
For significant terms in the AOVs, means 
were compared with LSD techniques, taking 
into aceount the appropriate precautions 
‘Snedecor and Cochran 1967). The second 
statistical analysis had two objectives: first, to 
determine if DM production and allocation 
changed linearly with the concentration of 
nitrogen in the nutrient solution: and sccond. 
to determine if this relationship differed 
between the two species. Split-plot AOVs 
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with covanance analysis and linear contrasts 
were used in this second step. Nitrogen con- 
centration in the nutrient solutions (four lev- 
els: 0.25. 0.5. 1.0. and 2.0) was the main plot 
treatment factor, with species (two levels) as a 
split-plot factor, Because of the initial differ- 
ences between species, pretreatment area and 
DOM measurements were used as covariates 
for cach respective posttreatinent variable. 
Coefficients for the lincar contrasts were cal- 
culated according to procedures described in 
Gomez and Gomez (1984). For all statistical 
analyses, P< .05 was considered significant. 


RESULTS 


effects of Solution Nitrogen Form 
on Productivity 


DM PRODUCTION AND ALLOCATION.—The 
form of nitrogen influenced aboveground pro- 
ductivity and allocation of E. lanceolatus but 
did not significantly affect root DM nor 
root:shoot ratios (Table 2). The effects of nitro- 
gen form on DM produetion and allocation 
occurred primarily at the high concentration 
of nitrogen. Although the nitrogen form main 
effect was significant for only the four mea- 


surements of green surface area, all but four of 


the dependent variables had a significant 
interaction term. For each of the dependent 
variables that had a significant interaction 
term in the 2-way AOV, OM: production for 
pots supplied either with both forms of nitro- 
gen or with NO3-N only increased with 
increased nitrogen concentration. However, the 
corresponding measurement of DM produc- 
tion for pots supplied with the 0.25 NH -N 
only nitrogen solution was not significantly 
greater than that for pots supplied with the 
2.0 NITy-N only nitrogen solution. Thus, 
close inspection of the interaction terms 
showed that inhibitory effects of nitrogen 


fori occurred only if a high concentration of 


NH pe N was the sole source of nitrogen, 

The form of nitrogen did not affect DM 
production or allocation of O. hymenoides 
data not shown. Neither the interaction term 
nor the nitrogen form main effect was signifi- 
cant in the 2-wav \OVs for the same 135. vari- 
ables listed for E. lenceolatus in Table 2. 

TISSEE NITROGEN CONTENT AWD NITROGEN 
USE EFFICIENCY.—Por O hymenoides. the 
effects of the form of mtrogen varied among 
the different nitrogen compartments ‘Table 3). 
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The main effect of nitrogen form was not sig- 
nificant for the concentration of nitrogen in 
green sheath/stem tissue, the total pool size of 
nitrogen in a tiller, and the total aboveground 
pool size of nitrogen in a pot. For senesced tis- 
sue, mean nitrogen concentration of tissue 
from pots that received both forms of nitrogen 
was significantly: lower than that for plants 
that received only one form of nitrogen. For 
ereen leaf tissue, tissue nitrogen concentra- 
tion for plants that received either both forms 
of nitrogen or NO3—N only was significantly 
lower than that for plants that received 
NH,-N only. However, NUE of plants that 
received NH ,-N only was significantly lower 
than NUE of those that received either both 
forms of nitrogen or NO3=N only. 

For E. lanceolatus, the form X concentra- 
tion interaction terms were significant for four 
of the six nitrogen compartments: leal nitro- 
gen concentration, tiller nitrogen content, 
nitrogen standing crop, and NUE (Table 3). 
For these four compartments, means for dif- 
ferent forms of nitrogen in the 0.25 nutrient 
solutions were not significantly different. For 
the 2.0 nutrient solutions, means for leaf 
nitrogen concentration, tiller nitrogen con- 
tent, and nitrogen standing crop with both 
forms of nitrogen were significantly greater 
than means for those compartments either 
with NH j—N only or with NO3-N only. Mean 
NUE with both forms of nitrogen was, howev- 
er, significantly less than that with NH j-N 
only or NO3—N only. The main effeet of nitro- 
gen form was significant for nitrogen concen- 
tration of senesced tissue: mean concentration 
for pots that received NH -N only was signif- 
icantly greater than for pots that received 
NO3-N only, but the mean for pots that 
received both forms of nitrogen solution was 
not significantly different from the other two 
means. 


Effects of Solution Nitrogen 
Concentration on Productivity 


DM PRODUCTIVITY AND ALLOCATION.—The 
effects of inereased nitrogen concentration on 
green surface area and DM production were 
significantly greater for E. lanceolatus than for 
O. hymenoides (Fig. 1). Over the range of 
nitrogen concentrations used, both green area 
and DM of E. lanceolatus increased linearly 
with nitrogen concentration for measurements 
ona leaf, tiller, and ground area basis (Figs. 
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Fig. 1. Aboveground green surface arca and DM for O. hymenoides | \. Cand [: lanccolatus B.D) at the cud of the 
grcenhouse experiment. Means and standard error bars at cach concentration of nitrogen mn the nutrient solution are 
given. A, B: Green leaf area per tiller (solid circles, solid lines), total green area per tiller open circles, dashed hnes 
and green leaf area index (diamonds, dash-dot-dot lines), C.D: Leaf DM per tiller solid circles. solid lines! total DM 
per tiller (open circles, dashed lines), and aboveground standing crop diamonds, dash-dot-dot lines Lines are linear 
regressions of the data if linear contrasts were significant or horizontal lines if the Tinear contrasts were not sicnificant 
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Fig. 2. Belowground DM for O. hymenoides (A) and E. lanceolatus (B) at the end of the experiment. A. B: Root DM 
solid circles, solid lines) and root:shoot ratio (open circles, dashed lines). Other graph characteristics are as given in 


Figure lL. 


1B, ED). Although the linear contrasts of the 
three area measurements with nitrogen con- 
centration were significant for O. hymnenoides 
(Fig. LA), these increases in surface area with 
nitrogen concentration were much less than 
those for E. lanceolatus (Fig. 1B). For the DM 
compartments of O. hymenoides (Fig. 1C), lin- 
ear contrasts were significant for leaf and 
standing crop DM, but not for tiller DM. 

Root DM was not affected by nitrogen con- 

centration in cither species (Figs. 2A, 2B). 
Root DM for £. lanceolatus, however, was sig- 
nificantly greater than that for O. hymenoides 
at all nitrogen concentrations. Root:shoot 
RS ratios of E. lanceolatus significantly 
decreased with increased nitrogen concentra- 
tion, Whereas those of O. hymenoides were 
unaffected by nitrogen concentration. 
though B:S ratios were not significantly dif- 
ferent between species at low nitrogen con- 
centrations. they were significantly greater for 
O. hymenoides at high nitrogen concentra- 
tions, 

Tiles 
nitrogen 


3). Milk it O. 


lensity mercased with increased 
‘tration for both species (Fig. 
hiymenoides grown at high 


nitrogen trations alse had Tate; STE 
Fn Sarre = | ] ], = te 

leaves per ti] (hose grown at low nitro- 

CCH COnCEL! | SA. fLlowever, the 


number of leave lanceolatus 


was unaffected by nitrogen concentration 
(Fig. 3B). Finally, both tiller density and mun- 
ber of green leaves per tiller for E. lanceolatus 
were significantly greater than those for O. 
hymenoides. 

Except for DM per tiller for O. hymenvides 
(Fig. +A), increased nitrogen concentration 
increased RGR (Fig. 4). In addition, RGR of 
DM on a tiller basis, of DM on a crop basis, 
and of tiller mimber for E. lanceolatus (Fig. 
4B) were significantly greater than those for 
O. hymenoides (Fig. 4A). 

"FISSUE NITROGEN CONTENT AND NITROGEN 
USE EFFICIENCY.—The concentration of nitro- 
gen had a significant effect on tissue nitrogen 
concentration of both species (Figs. 5A, 5B). 
Tissue nitrogen concentrations increased with 
increased concentration of nitrogen. Nitrogen 
concentrations of green tissues were signifi- 
cantly greater for O. hymenoides than for F. 
lanceolatus except at the highest solution 
nitrogen concentration. For senesced tissue, 
tissue nitrogen concentrations were similar 
for both species at low solution nitrogen con- 
centrations, but £. lanceolatus had signifieant- 
ly higher tissue nitrogen concentrations than 
O. hymenoides at the high solution nitrogen 
concentration. 

Aboveground pool sizes of tissue nitrogen 
significantly increased with solution nitrogen 


td 
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Fig. 3. Number of green leaves per tiller (solid cireles, solid lines) and tiller density (open circles, dashed lines for 
O. hymenvides (A) and FE. lanceolatus (B) at the end of the experiment. Other graph characteristics are as given in Fig- 


ure I. 
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cles, solid lines), total aboveground DM production (open circles. dashed lines. and mamber of tillers: diamonds dash- 
dot-dot lines). Other characteristics of the graph are as given in Figure J. 
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hig. 6. Nivegen concentrations, pool sizes, aid use efficiencies for aboveground DM for O. hymenvides (A, C) and E. 
lanecolatus (B.D. A.B: Nitrogen concentrations of leaves (open circles, dashed lines), sheaths/stems (solid circles, solid 
lines. and senesced tissues (diamonds, dash-dot-dot lines). C.D: ‘Yotal pool size of nitrogen in tillers (open circles, 
dashed lines . total pool size of nitrogen in the abovegronnd standing crop (diamonds, dash-dot-dot lines), and nitrogen 
nse cllicieney solid circles, solid lines). Other graph characteristics are as given in Figure 1. 


concentration for both species, but NUE 
decreased with increased solution nitrogen 
concentration bigs. 5C, 51D). Nitrogen pool 
sizes. cxpressed cither as the total amount of 
mtrogen per tiller or as the total amount of 
nitrogen in the crop. were not significantly: 
different between species at low solution 


nitrogen concentrations. but nitrogen pool 


SIZE Ff ition mtrogen concentrations 
lor 2. lan 7 CLE significantly eTCater 
than those for O. fi nowdes. NUE. ie. the 


anon’ of ab I DAL produced per 


wnount of nit Mtake 


) Was not signifi- 
canth different betwee 


We 


Soil Chemical Properties 


The form and coneentration of nitrogen in 
the nutrient solution had only minor effects 
on soil chemical properties. Of particular 
interest was soil pH. Nitrogen form signifi- 
cantly affected the pH of soils from O. 
hymenoides pots: pH of soils that received 
both forms of nitrogen (7.6) was slightly: but 
significantly lower than pH of soils that 
received either NIEj-N only (7.8) or NO3-N 
only (7.9). Small but significant differences in 
pH wnong nitrogen-concentration groups also 
occurred, but only for soils from £. lanceola- 
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TABLY +. Pretreatment (Pretrt) and posttreatment chemical propertics of soil samples composited Irom cach pot and 


analyzed by standard soil techniques. 
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[edaphic property Pretrt 


QO. hymenoides 


Nitrogen solution 


pli ao 5 Pal i. are 
Cations 
Ca (meq I>!) 1.0 95a G.2a 20. fa 39.9b 
Mey (meq I>!) 0.S la 1 .Ga 4.5) L.9Ob 
Na (meq I!) 1.6 ea ae 3.6 2.6 
EC (dS m!) (.-1 ] 2a 0.9a 2.20 3 1b 
Nitrogen 
Total N (ng =) fal I3Se 73a 69a [a350 
FE. lanceolatus 
pl ee S.0b §.3¢ S36 79a 
Cations 
Ca (meq |!) 34 3a Son 11.7 21.3b 
Mg (meq! !) 0.7 Le et oa 2.9 
Na (meg ]-!) Lo 9a 1.2b 3.0ab 2.3a 
EC (dS m7!) 0.5 1.0a ].2a Lab 22h) 
Nitrogen 
Total N (ug g-!) $2 69a TSa OSD Tae 


“Statistical differences among posttreatment means are indicated by different letters ura row rows without letters mdieate that Che OV temns were not sinificant 


(us pots (Table 4). For both species, Ca con- 
centration was significantly greater only at the 
highest nitrogen concentration (Table -4), but 
nitrogen form did not affect Ca concentration 
(data not shown). Except for total soil nitro- 
gen, the effects of form (data not shown) and 
concentration (Table 4) of solution nitrogen 


were either not significant or significant but of 


small magnitude. Total soil nitrogen signifi- 
cantly: increased with increased concentration 
of nitrogen in the nutrient solution for both 
species (Table 4). 


DISCUSSION 


Effect of Solution Nitrogen Form 
on Productivity 


Aboveground DM production and alloca- 
tion for E. lanceolatus were sensitive to the 
form of nitrogen in the nutrient solution, 
whereas those for O. Nhymenoides were not. 
This sensitivity of E. laneeolalus to nitrogen 
form does not appear to be induced by soil 
pH. Productivity can be inhibited by acidifi- 


cation of the substrate in the prescnce olf 


NH,-N (Thomas et al. 1987) accompanied by 
alow pH-induced inhibition of NH y-N 


uptake (Vessey et al. 1990), but pH of soils 
from E. lanceolatus pots was slightly alkaline 
and not significantly affected by the form of 
nitrogen in the solution. More likely, this sen- 
sitivity to nitrogen form in EF. lanceolatus is 
duc to some species-specific characteristics of 
nutrient uptake or assimilation. For example, 
BE. lanceolalus may have a low level of gluta- 
mine synthetase activity, which detoaifics 
NIIj-N in plants (Magathaes and Tuber 
1989). The fact that inhibition occurred at 
high concentrations of NELAN but not at low 
concentrations is consistent with this mecha- 
nism. A low level of glutamine synthetase 
activity would allow uptake and assimilation 
of low NILN concentrations from the 0.25 
mitrient sohition, but the high NEN con- 
centrations immediately following (reatinent 
with the 2.0 nutrient solution may have 
exceeded the plant's enzymatic capacity and 
thus had toxic effects on the plants. 


effects of Solution Nitrogen 
Concentration on Productivity 


Aboveground DM production of E. lancco- 
latus was consistentl enhanced by increased 
nitrogen availability. whereas that of O. 
hymenoides was not. The difference between 


O. hymenoules and b. lanceolatus cannot be 
attributed simply to lift svrences in their native 
habitats, to differe nees in growth form, to dif- 
ferences in storage of nitrogen within tissues, 
or to low supplies of soil nitrogen. Plants from 
less fertile sites are often less responsive to 
nutrient supply than those from more fertile 
euviromnments (Chapin 1980). Although O. 
hipmenoides is generally found on slightly 
coarser soils than &. lanceolatus, both species 
intermingle in the area from which we colleet- 
ed the O. hymenoides plants. It is also very 
unlikely that the cultivar of E. lanceolatus 
ised in our greenhouse experiment was inad- 
vertently selected for response to applied 
nitrogen for three reasons. First, the original 
accession for Sodar was a naturally occurring 
variety. and field trials were conducted on 
native, unfertilized soils. Second, the cultivar 
was released for its ability to form a ground- 
cover under dry conditions rather than for its 
forage production (Douglas and Ensign 1954). 
Third, our field experiments with native 
plants of both species show similar results 
Sinith and Nowak 1990, Nowak et al. manu- 
script). Thus. these two species share similar 
habitats but differ in their response to nitro- 
gen supply. The differences in nitrogen 
response between the rhizomatous grass E. 
lanceolatus and the bunchegrass O. hymenoides 
also cannot be attributed to a difference in 
growth form. For example, other Great Basin 
bunehgrasses such as Agropyron cristatium 
Holechek 1982), A. desertoruni (Sneva 1973), 
and Stipa thurberiana (Miller et al. 1991) have 
increased DMI production with nitrogen fertil- 
ization. Thus, at least some grasses of each 
growth form in the Great Basin respond to 
nitrogen fertilization. Lisury coustimption, 
Le. resource acquisition in excess of resouree 
use for current growth, 
plant 


is a immechanism in 
s from nutrient-poor environments to 
acquire and store nutricnts for future growth 
Bloom ct al. L985). In our study, tissue nitro- 
gen concentrations of both species increased 


with i ercased ae of nitrogen in the nutri- 
cut sotuuion nis. the increased nitrogen 
coucentr if Uissnies appears to be a gener- 
dhize nse of both grass species to 
ered lrogen availability rather than a 
mechan acquire and store nitrogen for 
future ¢ bdly low raies of nitrogen 
applicati ruilizer nitrogen may 
preclude response in field 
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experiments. Because soil nitrogen content of 
O. liymenoides pots was at least twice that of 
pretreatment nitrogen contents and because 
soil nitrogen increased with increased solu- 
tion nitrogen concentrations, soil nitrogen 
supply did not limit O. hymenoides growth. 

The most parsimonious explanation for this 
difference between species in their response 
to nitrogen supply is that O. lrymenoides has 
inherently low growth rates. Even under the 
nearly ideal growth conditions in our green- 
house experiment, low levels of solution nitro- 
gen were adequate for O. fiyinenoides growth. 
The relatively high nitrogen content of O. 
hymenoides leaves (4-5) also indicates that 
nitrogen supply was adequate. The low 
growth rates of O. hymenoides are partially 
due to meristematic limitations. For example, 
the proportional increase in tiller density from 
the 0.25 to the 2.0 level of nitrogen was almost 
three times greater for E. lanceolatus than for 
O. liymenoides. Intercalary meristems of O. 
hymenoides were also limited: the size of indi- 
vidual leaves was not significantly affected by 
the nitrogen solution, whereas that for E. 
lunceolatus progressively increased with the 
nitrogen content of the nutrient solution. 

DM allocation also differed between 
species. Root:shoot ratios of E. lanceolatus 
plants decreased with increased nitrogen con- 
tent of the nutrient solution, but nitrogen con- 
centration did not affeet belowground DM 
production of either species. Thus, the 
decreased root:shoot ratios for E. lanecolatus 
are primarily due to the increase in above- 
ground DM with increased nitrogen concen- 
tration. However, the lack of an effect of nitro- 
gen availability on root production may be an 
artifact of the limited rooting volume in the 
pots. For example, results from field experi- 
ments with E. laneeolatus differed from our 
ereenhouse experiment: root production and 
root:shoot ratios increased with fertilization in 
the field (Holeehek 1982). 

Changes in DM production and allocation 
can be primarily attributed to nitrogen con- 
ecntration in the nutrient solutions rather 
than to other soil chemical properties. 
Although EC and eation concentrations of the 
soils increased with the nitrogen content of 
the nutrient solutions, EC values were within 
the range that does not show any adverse 
effect for many forage species (Western Fertil- 
izer Handbook 1985). Furthermore, both O. 
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hymenoides and E. lanceolatus tolerate low to 
moderate salinity (Douglas and Ensign 195-4, 
Robertson 1976). Because the concentrations 
of most other ions were kept constant in the 
nutrient solutions, variation in the concentra- 
tions of other nutrients also did not confound 
the experiment. 

In summary, these two co-existing, peren- 
nial grasses from semiarid habitats in the 
Great Basin respond differently to both form 
and amount of plant-available nitrogen under 
ideal growth conditions. Physiological 
responses to nitrogen fertilization in field 
experiments also differed among species from 
the same vegetation type (Toft ct al. 1989). 
These results indicate that the variation in 
responses to nitrogen fertilization in field tri- 
als may be partially due to species-specific 
characteristics. Thus, procedural problems 
alone do not account for the lack of response 
to nitrogen fertilization in field trials. The 
extent to which these differential, species- 
specific responses to nitrogen influence com- 
munity dynamics is unknown, but warrants 
further study. 
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